To assess the implementation of the current guideline and identify potential underlying causes for late surgery in children with undescended testis (UDT) in Germany. UDT is the most common surgical issue in paediatric urology and to avoid malignant degeneration and subfertility current guidelines recommend orchidopexy during the first year of life; however, this seems not to be implemented in practice.
Patients and Methods
In all, 5 547 patients with cryptorchidism at 16 hospitals nationwide were studied regarding age at orchidopexy between 2003 and 2016. Multivariate analysis was performed to identify factors influencing timing of surgery. Additionally, a survey on knowledge of UDT management was conducted amongst physicians treating boys and final-year medical students.
Results
Between 2003 and 2008 only 4% of boys with UDT underwent surgery before the age of 1 year. After the guideline update from 2009, this figure was 5% from 2010 to 2012, and 8% from 2013 to 2016. The presence of a specialised department for paediatric surgery, as well as a high UDT case-to-year ratio positively influenced the timing of orchidopexy. The survey revealed discipline-specific differences in the levels of knowledge about UDT management. One-third of respondents did not know the guideline recommendations and 61% felt insufficiently informed. International comparisons revealed significant differences in the age at surgery of boys with UDT, with Germany and Great Britain ranging in the middle of the field.
Introduction
Undescended testis (UDT), cryptorchidism, is amongst the most common clinical disorders in paediatric surgery. It affects up to 6% of full-term and up to 30% of premature infant boys [1] . Risk factors for UDT are hypotrophy, birth weight of <2 500 g, genetic predisposition, endocrine disorders, and also environmental factors such as maternal nicotine exposure [2] [3] [4] . Most cases are unilateral (only 10% involve both testes) [5] . Descent is controlled via insulin-like hormone 3 and androgens, although the actual pathomechanism underlying cryptorchidism remains obscure [6] . Primarily UDTs may descend within the first 6 months of life. This is speculated to be related to a sudden increase of gonadotrophins and androgens known as 'mini-puberty' [7, 8] . The rate of spontaneous descent is debated in the literature ranging from 7% to 70% [9] [10] [11] . The likelihood of spontaneous descent diminishes after 6 months [11] [12] [13] .
Persistent cryptorchidism presents a factor 1.5-7 risk increase for malignant degeneration and subfertility [14] [15] [16] . Without therapy this risk further increases up to 35-fold [12, 16, 17] . In contrast, appropriate treatment reduces the risk of malignant degeneration and improves fertility [14, 17] .
At present several international guidelines recommend orchidopexy between the ages of 12 and 18 months for boys with UDT [18] [19] [20] . Published in 1999, the first Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften e.V. (AWMF, Association of the Scientific Medical Societies in Germany) German guideline on UDT recommended the completion of therapy up to the end of the second year of life [21] . After a revision in 2009, the recommended timing for completed treatment was reduced by 1 year (AWMF register no. 006/022). The revised version of the guideline from 2013 retained this therapeutic goal. At present, the guideline is undergoing further revision [22] . The current treatment algorithm envisages 'watchful waiting' up to the age of 6 months. Recommended treatment options after that time are monotherapy with GnRH, possibly in combination with human chorionic gonadotrophin, or orchidopexy. Hormonal therapy has a positive impact on fertility and results in descent in~20% of cases. However, repeated ascent may occur in~25% of these cases and the usefulness of hormonal therapy is currently debated [23] [24] [25] . Boys with UDT should be operated upon during their first year of life, as early orchidopexy reduces the risk of testicular cancer and improves fertility, as well as testicular growth [14, 23, 26] .
Several national and international studies have indicated implementation problems despite good evidence of the expediency of early surgery for boys with cryptorchidism. In 2014, Hrivatakis et al. [12] reported that only 18.7% of patients in the German state of Baden-W€ urttemberg (2 213 boys) underwent surgery consistent with guideline recommendations in the period of 2009-2012. A nationwide survey revealed that 22% of 1 245 German boys recorded before 2009 were operated upon according to the guideline (i.e. up to the age of 2 years), and that after revision of the guideline only 5% out of 1 472 boys underwent surgery during their first year of life between 2010 and 2012 [21] . International publications also report late treatment of boys with cryptorchidism [27] . Therefore, we sought to investigate the implementation of the current guideline in Germany and to identify potential underlying causes for late surgery in UDT. We hypothesised that the proportion of early operations would have further increased in recent years, but with a remaining substantial number of late orchidopexies in boys with UDT.
Patients and Methods

Patients
A total of 9 993 patients were included in the study who underwent orchidopexy at 48 hospitals of the HELIOS group nationwide (Fig. 1) . International Classification of Diseases (ICD) codes Q53.0, Q53.1, Q53.2 and Q53.9 of the international WHO classification of diseases and related health problems in the German adaptation (ICD-10-G) were applied to include only orchidopexy patients with UDT. Diagnoses other than UDT were excluded (n = 3 224). To eliminate a potential bias resulting from hospitals with very low case numbers, we excluded hospitals with <100 UDT cases during the period under analysis (32 hospitals, n = 1 222). Bi-and multivariate analyses were performed for a total of 2 745 patients in the most recent period of 2013-2016, where the exclusion criterion of small case numbers was not applied and only patients under the age of 18 years were considered. We 
Biostatistical Analysis
The central issue was to identify binary-coded factors (availability of a paediatric surgery department, hospital size, insurance status, hospital location in the former East/West Germany) that serve best to explain the influence on age at the time of operative orchidopexy (two categories: surgery before/after completion of the first year of life) as the primary endpoint. We searched for a suitable adapted logistic regression model to get an optimum description of the dichotomised target variable. Modelling was based on forward selection of variables using likelihood-ratio tests relative to the local 10% level. Another point of interest was which of the analysed variables have a significant impact relative to the 1% level on the target variable. Interpretation of results was performed using odds ratios including 99% CIs and Wald tests. Statistical evaluation was conducted using R (version 3.3.2; R Development Core Team [2008] . R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria).
National Survey Among Physicians Treating Children and Medical Students
The web-based survey was conducted with the online survey tool SoGoSurvey from 19 December 2015 to 1 April 2017 (see Fig. S1 for complete questionnaire). Physicians were contacted via their respective specialist associations or directly via www.kinderaerzte-im-netz.de. Medical students in their clinical internship year were contacted via student representations. Questionnaire replies were received from a total of 926 respondents.
Results
The Percentage of Early Orchidopexy in UDT is Rising at a Low Level
Overall, the proportion of early orchidopexies in boys with UDT was small. Between 2003 and 2016 the percentage of boys undergoing orchidopexy before the second and third year of life rose continuously from 2% to 9% and 16% to 34%, respectively ( Fig. 2A ) [21] . We defined three observation periods to analyse the age at surgery for UDT, changed in view of the fact that the guideline recommendation was revised in 2009 (Fig. 2B ). In total, 4% of boys operated upon in the first year of life (n = 68) and 22% before completion of the second year of life (n = 353) were recorded for the period of 2003-2008 before the guideline revision, as compared to immediately after the revision (2010-2012) when the respective figures were 5% (n = 81) and 27% (n = 420) [21] . Four years after the guideline revision (2013-2016) this tendency continued with 8% of boys operated upon in the first (n = 154) and 31% in the second year of life (n = 604). The age distribution of patients operated upon aged ≥4 years remained consistent since 2010.
Bi-and Multivariate Analysis of Factors with an Impact on the Timing of Orchidopexy
From 2013 to 2016, 79% of boys undergoing surgery in their first year of life were operated upon at hospitals with paediatric surgery departments (Fig. 3A) . In contrast, only 43% of orchidopexies after the first year of life were performed at hospitals with paediatric surgery departments. In all, 87% of orchidopexies during the first year of life were performed at hospitals with >100 UDT cases (Fig. 3B) . Patients' insurance status had no influence on the target of surgery in the first year of life (Fig. 3C) . Interestingly, the share of surgeries during the first year of life was greater in the states of the former East Germany compared to those of the former West Germany (Fig. 3D) . This was analysed because West and former East Germany still show significant socioeconomic differences even after >20 years of reunion. Multivariate analysis revealed that the target variable is best adjusted by the factors 'availability of a paediatric surgery department', 'hospital location' and 'hospital size'. The chance of undergoing surgery during the first year of life in hospitals without paediatric surgery department was only 0.263-times that of hospitals with such departments, which corresponds to significantly poorer chances relative to the 1% level. Patients in hospitals of the former West Germany also had a significantly smaller chance of surgery during the first year of life compared to the former East Germany relative to the 1% level. A comparison of hospitals with <100 cases of UDT during the period under analysis to hospitals with >100 cases did not reveal any differences in chances relative to the 1% level.
International Comparison
In international comparison of therapeutic care for infant boys with cryptorchidism, Germany holds an average position (Fig. 4 [5,12 ,29-32,34-37,39; S1-S6, S9-S11, S13 in Data S1]). Notably, the proportion of reliable data on the timing of surgery for cryptorchidism is generally small. More recent studies supply figures of 13.4-43% for surgery before the end of the second year of life in Germany [12, 28] . The corresponding figures for the first year of life range from 5% to 18% [12, 21] . In particular, a recent study from Australia impresses the international community; based on a total of 4 980 patients examined between 2001 and 2011, it documented that 33% of affected infant boys underwent surgery up to the end of the first year of life [29] . Similarly, a study from Saudi Arabia (n = 345) reported an orchidopexy rate of 29% within the first year of life for the period 1998-2008 [30] . A recent study from New Zealand shows a drastic change in the median age at orchidopexy for UDT of 12.6 months (2014-2016) as compared to 38.8 months in a cohort from 1996 to 1998 in the same region [31] . Italy is currently statistically leading in Europe with 13% of cryptorchidism patients undergoing surgery in the first, and 64% up to the end of the second year of life. However, limiting factors in that study were the small sample size (n = 88) and the online-based inclusion procedure [32] . Older figures from Sweden (n = 16 938; 1964-1999) found that 4.2% of orchidopexies were completed before the end of the 646 © 2018 The Authors BJU International © 2018 BJU International second year of life and with an average age of 8 years at surgery relegate Sweden to last ranking in Europe on the basis of published studies [14] . Table S1 gives a summary of studies on the timing of surgery in boys with UDT.
The Level of Knowledge About Guideline Recommendations Needs to be Improved and Varies Between Specialist Disciplines
The questionnaire was returned by 926 physicians (response rate~25%) from the fields of general medicine (n = 116), general surgery (n = 185), paediatric surgery (n = 45), paediatrics (n = 377), urology (n = 63), and medical students in their clinical internship year (n = 107). In all, 33 respondents made no reference to their medical discipline affiliation. Overall, 68% of participants correctly stated that treatment of UDT should be completed by the end of the first year of life (Fig. 5A) . In detail, the respondents' medical discipline played an important role: 89% of paediatric surgeons answered in accordance with current guideline recommendations, whereas the figure amongst GPs was only 44%. Half of respondents stated that actual treatment of UDT occurs too late in Germany (Fig. 5B) ; here the percentage amongst urologists was the highest at 71%. One-third of all those surveyed were not aware of the current guideline or did not know that treatment is recommended in the first year of life (Fig. 5C ). The recommendation was significantly better known to paediatric surgeons (89%), paediatricians (81%) and urologists (79%) compared to practical year medical students (58%), general surgeons (52%) or GPs (42%). Importantly, 61% of all respondents, and 86% of GPs, felt insufficiently informed about the clinical picture for cryptorchidism (Fig. 5D ).
Discussion
The purpose of the present study was to analyse the timing of orchidopexy for UDT in Germany, to determine underlying causes for late orchidopexy, and to assess the level of knowledge on this clinical issue amongst physicians treating paediatric patients. The present study features the largest cohort of orchidopexies for UDT evaluated in Germany to (B) Comparison of periods before and after revision of AWMF guideline recommendations; see also Hensel et al. [21] .
© 2018 The Authors BJU International © 2018 BJU International 647 date (n = 5 547). The number of early surgeries rose consistently during the period under analysis. However, the guideline recommendation appears to be implemented in as few as 10% of all analysed cases (Fig. 2) . These findings coincide with other studies from Germany and Austria [12, 33, 34] . Bivariate analysis was used to identify two factors, which were conducive to early surgery for cryptorchidism: the size of the hospital and the availability of a paediatric surgery department (Fig. 3) . Multivariate analysis revealed that the chance of surgery performed in accordance with treatment guidelines is highest in hospitals with paediatric surgery departments located in the former East Germany. Possible reasons for the observed effect may be increased attention on the part of paediatric surgeons and the incidence of other clinical pictures of paediatric surgery where cryptorchidism is diagnosed as an additional finding. This was also suggested in other studies showing that boys with further surgical disorders tend to undergo orchidopexy earlier when compared to other boys [35] . Further risk factors for late orchidopexy on an international scale were lower socioeconomic status, rural environment, insurance status and -corresponding to the findings in our present study -the supply structure in paediatric surgery [12, 29, 36, 37] .
International comparison reveals that deficits in the management of UDT are a global problem (Fig. 4) . The largest studies to date were conducted in the USA and the UK. An analysis by McCabe and Kenny [27] [38] reported that only 20% of orchidopexies were performed within the first 2 years of life in the period 1984-1988, whereas the figure rose to 37.8% for the period 1999-2002. In Austria, the proportion of orchidopexies performed within the first 2 years of life rose from 17.6% in 1993 to 31.2% in 2009 [34] . Our present study confirmed this tendency: only 25% of patients underwent surgery before the end of the second year of life in the period 2003-2012, whereas this proportion increased to 31% in the most recent period of 2012-2016. One possible reason is a more consistent implementation of the guideline [18, 22] . It is interesting to note that the proportion of analysed boys aged G r e a t B r i t a i n 3 9 I s r a e l s 1 1 A u s t r a l i a 2 9 S i n g a p o r e 5 I t a l y 3 2 C h i n a s 9 N o r w a y s 6 T a i w a n s 2 L i t h u a n i a s 1 U S A 3 5 , 3 7 , s 1 0 N e w Z e a l a n d 3 1 I r a n s 5 A u s t r i a 3 4 I r e l a n d A u s t r a l i a 2 9 S i n g a p o r e 5 I t a l y 3 2 G e r m a n y 1 2 L i t h u a n i a s 1 S w e d e n s 1 3 T a i w a n s 2 A u s t r i a 3 GPs, and 107 final-year medical students (MD students).
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© 2018 The Authors BJU International © 2018 BJU International >4 years undergoing orchidopexy remained almost unchanged. Other studies have reported similar results. Thus, a second peak in the frequency of orchidopexy emerged for the school-age period [27, 39] . One explanation may be the probably largely neglected entity of secondary cryptorchidism, which is a contributing factor for late orchidopexy with unknown influence [12, 40, 41] .
Is it possible that paediatric decision-makers still underestimate the association of UDT and its sequelae of subfertility and malignancy? If so, they disregard a whole string of valuable evidence. Canavese et al. [42] compared young men who underwent orchidopexy for UDT in their first or second year of life. They found a clear inverse relationship between age at orchidopexy and total sperm count and sperm motility. Moreover, Kollin et al. [26] randomised children with UDT to orchidopexy at the age of 9 months or 3 years and impressively demonstrated the beneficial effect of early surgery on testicular growth. In a 35-year register study, including 16 983 men (209 984 personyears), Pettersson et al. [14] reported that early surgery for UDT decreases the risk of testicular cancer. Whilst orchidopexy before the age of 3 years had the smallest incidence of testicular cancer, the authors, however, could not distinguish between surgeries in the first or second year of life. Studies measuring malignancy as a long-term outcome are time-consuming and invasive, as they require a histopathological diagnosis. Population-based registry studies and the digitalisation-driven improved loss to follow-up may be helpful to close this gap, but a correct interpretation warrants a substantial cohort of boys with orchidopexy before the age of 2 years to reach an age at which the testicular cancer risk becomes relevant. In the meantime, the available evidence serves as a solid backbone for clinical management guidelines in UDT.
The results of our present survey indicate highly heterogeneous levels of knowledge about up-to-date UDT management. Urologists, paediatricians and paediatric surgeons appear to have a good level of UDT-related knowledge, ≥79% of respondents in these groups knew the current guideline (vs e.g. only 41% of surveyed GPs). Other studies found similar tendencies [21, 34] . Consistent with these findings is the observation that boys referred by GPs and internists undergo UDT surgery at a later time [43] . It is therefore important to improve the level of knowledge about the management of UDT, especially amongst general surgeons, GPs, and medical students. But why don't all physicians follow (or know) clinical practice guidelines? In a general review, reasons were shown to be as heterogeneous as the here reported level of guideline knowledge itself [44] . Intriguingly, lack of awareness seems to be a significant but not the only issue. A contributing factor might be the availability of differences in national and international guidelines, which could be solved by a uniform international guideline [45] . Additionally, a patient-centred information campaign may help to raise awareness of the clinical issue. For instance campaigns with this purpose via Google AdWords and Facebook were already initiated in 2016 [46] . Well-conducted randomised controlled trials and retrospective analyses in other medical fields have shown that educational programmes can improve physician adoption of practice guidelines [47, 48] . Importantly, these educational interventions must be well-designed, as sustained improvements in medical care are difficult to attain using traditional physician-targeted approaches [49] .
Limitations of Our Study
The principle limitation of the present study is based in the retrospective nature of the study design. Specifically, we cannot distinguish truly delayed therapy of primary UDT from potentially adequate timing of orchidopexy in cases of secondary ascensus. The exact prevalence of secondary ascensus testis is unknown. However, even based on the highest previously estimated rate of secondary cryptorchidism [50] , the present study still implies a delay for the remaining true cases of primary UDT. Nevertheless, throughout the manuscript we speak of 'late' rather than 'delayed' orchidopexy for the sake of clarity. Another factor, which was not assessed here, is the role of paediatric anaesthesiology. Neither is paediatric anaesthesiology an existing subspecialty in Germany (but rather an inevitable part of general anaesthesiology training), nor can we assess the specific anaesthetic agents used in the analysed hospitals. The latter is currently intensively debated for administration especially in early childhood, and several USA Food and Drug Administration (FDA) warnings have been issued in 2017 [51] [52] [53] [54] . Hence, adverse effects of anaesthetic agents early in life represent a valid aspect countering early surgical management of UDT. Moreover, the role of hormonal therapy as a potential delaying factor is of mayor interest but could not be addressed in the present study. Further studies should be designed to include these aspects to shine a light on the still obscure background of UDT management. Specifically, the study design should allow for a comprehensive investigation of all potentially causative factors, including the variety of associated decision-making healthcare professionals and parents, previously applied treatments, as well as the clear distinction between primary and secondary UDT. Lastly, the survey response rate of 25% may not entirely reflect current knowledge of medical care-givers. This was somewhat expected considering previously published response rates of 12-21% [55] . Nevertheless, efforts should relentlessly be made to achieve enhanced survey response rates, which finally include a call for fellow physicians to participate in the progress of increasing our knowledge to ultimately improve medical care.
Conclusions
Overall, only a small proportion of boys with cryptorchidism undergo orchidopexy in a timely manner. Nevertheless, the number of early surgeries for UDT is (slightly) increasing. Hospital infrastructure and involved physicians' knowledge about the need of early therapy is crucial for the pursuit of delivering adequate medical care for affected patients. Late orchidopexy for UDT is not a solely German phenomenon but affects most countries that have been studied in this regard. The underlying causes are still not well understood and may vary between different nations and healthcare systems. Importantly, there remains an unbearable discrepancy between the wealth of UDT knowledge indicating that operating late for known cryptorchidism is below the standard of care on the one hand and the lack of physicians' knowledge thereof on the other hand. Physicians must seize their responsibility to remain educated and up to date regarding the medical care of their patients.
